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FOREWORD

In conducting research using animals, the
investigator(s) adhered to the "Guide for the Care and
Use of Laboratory Animals," prepared by the Committee
on Care and Use of Laboratory Animals of the Institute
of Laboratory Animal Resources, National Research
Council (NIH Publication No. 86-23, Revised 1985).

Citations of commercial organizations and trade
names in this report do not constitute an official
Department of the Army endorsement or approval of the
products or services of these organizations.
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CDRI-WRAIR MALARIA PROJECT

(1989-1990)

nDEVELOPMENT OF NEW ANTIMALARIAL DRUGS n

Objectives of the project:

I. (a) To screen new potential antimalarial compounds originating

from Walter Reed Army Institute of Research (Washington)

at the Central Drug Research Institute, Lucknow.

(b) To maintain in operational state the existing antimalarial

test systems established at CDRI for blood schizontocidal,

radical curative (anti-relapse activity) and causal prophy-

lactic efficacy tests against P.cynomolgi B and to introduce

new simian screening model for gametocytocidal/sporonto-

cidal efficacy.

(c) To ensure that base-data and dose revalidation with stand-

ard drugs , namely chloroquine and primaquine to be used

as reference compounds , are reproducible.

(d) To screen potential compounds for causal prophylactic

activity against P.cynomolgi and detailed preclinical eva-

luation of selected compound.

(e) To establish single, two or three dose bioassay for selected

promising antimalarial compounds for their efficacy against

blood/tissue stages.

II. To take stock of the research accomplishments/major achieve-

ments in the area of development of new tissue schizontocides

under previous -CDRI-WRAIR collaborative project No. DAMD
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-17-82-G-9515 (1982-1988) and to develop joint research pro-

gramme for further pre-clinical development of most active/new

lead compounds.

III. (a) To establish capability for in vitro screening of potential

compounds and natural products available at CDRI for

antimalarial efficacy against P.falciparum and to identify

new promising candidate compounds for control of drug

resistant faiciparum malaria which is fast spreading.

(b) Train manoower in large-scale in vitro antimalarial scree-

ning programme and transfer of this Technology from WRAIR

to CDRI.

Background

The resurgence of malaria in most of the tropical count-

ries including India in recent years has posed a serious health

problem since the disease causes a good deal of morbidity

and mortalit- particularly in rural areas. The malaria situation

has became alarming because of three reasons: Firstly, some

strains of P.falcioarum resistant to the conventional antimalarial

drugs are gaining, ground in South-East Asia and have already

made their presence felt in the North-Eastern pa-t of the

country. Some of these falciparum cases occasio'ally develop

cerebral complications. Secondly,the choice of tissue schizon-

tocides for use in vivax malaria cases, is limited to only

primaquine which is toxic and has to he given over a prolon-

ged period and can not ordinarily be used in children and

pregnant women. Thirdly there is no effective drug for prophy-

laxis against vivax malaria which constitutes 85% of the malaria

cases. It is thus obvious that there is an urgent need for

the development of safe causal prophylactic agents as well
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as new and safe tissue schizontocides for preventing relapse

of vivax malaria and of quick acting blood schizontocides

against drug-resistant falciparum cases and for the treatment

of cerebral malaria cases.

The collaborative project (1982-88) between Walter Reed

Army Institute of Research, Washington and Central Drug Research

Institute, Lucknow has given a boost to the global efforts

to develop new drugs for control of malaria. Two candidate

tissue schizontocidal drugs have been identified, which are

relatively safer than primaquine. Both these compounds are

proposed to undergo phase I clinical trials and subsequent

efficacy tests as anti-relapse drugs. The leads generted from

the programme has given new dimensions to our programme

for synthesis of potential antimalarial compounds. The techno-

logy including test systems established at CDRI through the

sustained efforts and collaboration between U.S. and Indian

scientists over the years, would go a long way to devleop

new future drugs for control of malaria.



3. MAINTENANCE OF OPERATIONAL ANTIMALARIAL SCREENS FOR

PRIMATE MALARIA

I. The following antimalarial screens developed at CDRI under

the CDRI-WVRAIR project DAMD-17-82-G-9515 (l982-, ?87) have

been maintained in operational state for ongoing collaborative

programme between CDRI-WRAIR.

(a) Rhesus blood schizontocidal test.

(b) Rhesuis radical curative (an t i-relapse) test.

(c) Rhesus prophylactic test.

(d) Protco for cyclic passage of P.cvnoroli B.

11. Protocol for develooment of ne'.- gametocvtocidal/szorontocidai

ager'.s -'~ enestablished using P.cvnomol2gi B - A.steohensi

modei, and the identified comnounds will be evaluated for

e ffi ca c against P .falciparumn gametocytes. This programme

will ee::lvhelp to control transmission of drug-resistant

malaria.



PROTOCOLS DEVELOPED AT CENTRAL DRUG RESEARCH INSTITUTE,

LUCKNOW IN COLLABORATION WITH WALTER REED ARMY INSTITUTE

OF RESEARCH FOR DEVELOPMENT OF NEW ANTIMALARIAL DRUGS

During the last nine years, CDRI, Lucknow, has been worki-,ng

in close collaboration with WRAIR, Washington and AFRIMS, ffngkok

for standardization of experimental models for screening of new

blood schizontocidal, radical curative (anti-relanse) and causal~

pr cc h lactic agents and the pre-clinical efficacy, tri als of -he compo-

unds synthesized and deve-Icced by US Army antimal'arial drug deve-'o-

-,)ment programme and the CDRr. This joint biomredical co.-aborativ~e

reseanrcin programmre has ledi to the establishmen: o-- relia'le ant-.-

rr lar-a- screening models. :he reproducibilitv of the following

antimalarial screens at OD)RI has been validated_ using -standara

druiLs and it is encouraging to point out that our re"uls w:th the

standard drugs are in close agreement with the --a~a ac,_nined a:

AFFRIMS, Bang'Kok and WRAIR, Washington.-' Thae test svsterns are

in operation and it is proposed to keep these antzmalarial model's

onerational for ongoing collaborative programme between CDRI and

WRAI.R.

A. RHESUS BLOOD SCHIZONTOCIDAL TEST:

(a) Maintenance of rhesus mnonkeys (M.mulatta'J:

Rhesus monkeys (4-5kg) used for antirnalariai screening

programme are procured from approved Government Contractors,

and kept under quarantine for four weeks. These monkeys are tuberc-

ulin tested before receiving them in the primate house and then

after every I to 2 *months. During quarantine period monkeys are
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chest X-raved and examined for absence of blood protozoans and

three blood smears at weekly intervals are preserved for records.

Tuberculin negative monkeys free from any blood parasites are transf-

erred to experimental wing and kept in mosquito free roomns. They

are supplied standard pellet diet, seasonal fruits, vegetables and

water ad inbitum. The monkeys are kept under 12 hrs. photoperiodi-

city.

(b) Parasi1te:

Plasmod ium cv nom ol bastianelli (B s tra in :Drocu-red f

1979 from Dr. W.E.Collins, CDC, Atlanta, has been mainzaine,- in

CDRI L-,. succesSive biocd induced pasSages as well as bycrvopreser-

vat:on. Duri-ng the current A.RAIR-CDRI collaboorative nrojec: -Il

parasite ?.c-,-nomoigi, B has been transmitted, since Nov. 19 82 , thCI-,cuq

Anorohces stenhensi "'or 72 consecutive passages and the zarasi'e

taken frm atenit infection has been used from time to timne:o

standarci:zatlon of- blood schizontocidal test using chiorocuine dicn-

hate as 'he ref:erence drug.

For blood induced infections, the rhesus mornkev.s are infe-e

Wit*h IxIO parasitized RBC in 1 ml . of acid-citrate dextrose (ACD)

intravenously! and blood smears are examined daily for pa-en-.:

.he oarasi-aemia is recorded in terms of number oa: oarasi.ties/mm-r

from thick, or thin blood smears. At the patency, the parasitaemnia

is recorded in thick smears on the basis of number of parasites

per 50 oil immersion fields. The parasite number multiplied by

3
20 gives parasitaemia/mm . When number of parasites/50 thick fields

is more than 50, furiher recording is made from thin films by

determining the number of parasites (100 WBC and parasitaemia/mm 3

is cacculated after recording number of WBC/mm 3using haemocytometer

Finally when number of parasites/100 WBC is more than 1000, further



recording is made by counting the parasitized cells! 10' RBC and

parasitaernia/mm 3is calculated after determining the number of

RBC/mm 3 using haemocytometer.

WStaining of blood films:

Improved method of recording parasitaemia used at AFRIMS

has been introduced in the project, using thick/thin blood smears

which are subsequently stained with Giemsa stain.

Giemsa (liquid) BDH/(Glaxo) =5 ml.

Acetone (A. B) 5 Ml.

Phosphate buffer %1115 =90 M1.

(pH 71.2)

Both thick and thin films are made on the sam7e slide.

The thick- film is ;crepaec- fromn 2 drops of ear -%vein ~ucueblocd

and szread approx--mately in a 10 mm area ar-. dried infront 'of

air blower. The thin blood filmn is fixed in methanol -for 1 minute

and slides are out in diluted Giezrsa stain. Slides are stained for

40-4-- minutes and paa-''-,- is recorded as descr--bed abcove.

(d) Drug admrinis*=r-::on:.

hen a s e.. -al :Drasi-taemia reaches ab-ove 5000/nm~ drugz

treatm.-en: is initia-t2,c. The drug is suspended in distiIlled water

or 0 .31'3 methyl cellul-,ose solution and daily,. dose is admnisterezd

orally-. in* 10 MI. vaa catheter, fcillowe,4 by 5 m.water :or flushingL

the catheter. The dr-uz is preferablyi administered in morning before

meals and monkeys are observed for 20-30 minutes for an-,, vo mitting

sensation.

(e) Determination of chloroouine curative dose:

(1.0 mg chioroquine base =1.62 mg chloroquine diphosohate)

In order to determine 100% curative dose of chloroquine

against blood induced P.cynomolgi B in rhesus monkey, -. initial
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infective inoculum was taken from monkey infected b'- sporozoites.

For conducting the blood schizontocidal test, five groups of monkeys

each were given IxlO5 parasitized RBC by i/v route and when

the parasitaemia had reached 0.1 to 0.5% level (5,000-20,000/mm ),

each group (5 monkeys) was administered chloroquine dosages of

1.0, 3.0, 5.0, 7.0 -n-d 10.0 mg/kg (base) for 7 days by oral

route. Both thick and thin smears were examined daily to monitor

the course or parasitaenia. Our results show that all the 5 monkeys

at 1mg k, dose showed recrudescnece, while those a: 3.0 .0,

7.0 and 10.0 mg!ml were cured radically and showe,. no recrudesce .-

ce till day 30, The 5 monkeys show-nc recrudescence

,": ara,:taemla at 1.0 mg/kg were retreated with the next higher

3.Omgika x 7 days. This dose was again foun-.c to be

c:rat-' no recrudescence was observed till 30 days.

Re,,aiidaton of curative dose of chloroquine. Three bat'hes

m s:n)"S were gi.-en blocd induced infection from a szcrozoite

LjCteU mcnke','. When the parasitaemia had reached 0.1 to 0.5%

I nvce-, t!ey wre ad.-n,'nsterec. cnhorocuin- at 3.0, 5.0 and 7.0

(>[ase) x davs by oral route, and all the monkeys were

,for days. All the three doses were again found to

in tia. curative tests and revalidation tests thus

........ht 3. mg/kg x 7 doses of chlorocuine (base) have curative

.-:on ,n blood induced P.cvnomoii B. Although 3.0 mg/kg chIoroqu-

n has been found to be cons-stantly curative, we prefer to use

S mg/kg chloroauine as the curative dose of radical curative tests.

This dose we have used in radical curative tests and we have



found it satisfactory.

The dose validation was again carried out using parasites

obtained from infected monkey in the XXXVth serial sporozoite

passage. Three monke, s each were treated with chiorcuine at

1.0, 3.0, and 5.0 mg (base)Ikg dose levels. Monk,-eys treated at

lowest dose of 1.0 mg/kg showed recrudescence on da-:s 11, 17

and 25, while monkeys at higher dose levels were protected

B. RHESUS RADICAL CURATIVE (ANTI-RELAPSE) TEST (SEVEN DAY

SCHEDULE:

Simian malaria carasite p.cvnomol~i B, which ciosei. resem-

bles hu,.man malaria P.vvxin its biologi-cal chara-c-er,_s-ics and

relanse caa-erns, has been used for anti-relanse efiayteEst

u s : 7 (av tr-a-men'. radical curative test in sporoz0.-e lnaiucec_

infections.

Pr--macu_,:2e has been used as the- reference anti-relaose

6rug ana d o->un a been invariably- used as the com-aanior.

b'ood sc .zor:-_c.-c-,. _3t the drugs were administered_- orally.

A.:hcugh- chlcr>:u-.ine is 'known to 'have no efficacv against tissue

s-ages of ~vQc c wh-ich causes relacse of blood parasitaeniia.

w e h av e to i-, c"Iorocuine as a companion. blood sch-ilzotocice

cur ~ at:e,,tF :c~v~ eimrinate all blood oar4asitaemia

fromt patent mnk.*eys. From the day of sporozoite inoctlation unto

day7 9 the primary tissue szages of P.cvnomolzi B develoo) in

the hecDatocvtes and after comoletion of phase of primary exo-erythr-

ocy/tic cycle, the parasite invade blood and infecte red blood

cells. Generally the mcnkeys become patent (i.e. slide positive

blood smears) on day 8-12 depending upon the sporozoiti inoculum.

Once the mnonkey becomes patent, as shown bv blood smear examinat-
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-ion, there is 100% evidence of establishment of sporozoite induced

malaria infection in the rhesus monkey. In order to study the effect

of primaquine and related compounds on secondary tissue stages

(Hypnozites; which cause relapse), we have to administer a otally

curative dose of chloroquine to eradicate blood inection. A total

curative dose of chloroquine would ensure elimination of all asexual

er'ythroc-tic stages and if the chloroquine dosing is inadequate,

it wouId lead to recrudescence of oarasitaemia, s u. interner ir .

w:th the internretation of radical curative efficacy of test compound.

An-v eatent infection after curat.--'-. chlorocuine trea--7.ent would be

rn~reted as relanse due to failure of the anti-relarse test compound.

.-,..nation CM trimaCllne cura-4-.-e dose:

":u:ne a 1 O1 O 1.76 mg zr:macuine diphosphate',

cr the determh, "ion of tte radical curative nose of primaq-

mon-e's each were treated orally at 0. 180, 0.316, 0.568,

1 i.7z: and 63 mg (base)/kg dose levels.

,ratment was in tiated when blood para s-ta emia reached

and acm:n-stered once dailv for seven cavs. The blood

o-,-u w.ere e:am:ned :or 90 davs after end of treatment for appeara-

... relane :nect cn. The results sh'.wed that mon.keys treated

"...m ar.d 316 mkg relaosed while monkeys treated

z: "YcneY 4oe 'Kwere cured. The relapsing monkeys were re-treated

-" .0 mg (base)/kg dose x 7 days and these monkeys were cured.

For the revalidation of radical curative dose, the treatment

wa given orally at 1.0 mg/kg dose to 8 monkeys and 1.3 mg/kg

to 5 monkeys. All the. 13 treated monkeys were cured of infection.

: . The dose of 1.0 mg/kg (base) is being used as the standa-

rd radical curative dose in our study. This dose of primaquine

is combined with 5 mg/kg (base) chloroquine as the curative blood
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schizontocidal drug.

Primaquine at 1.00 mg/kg (base) x 7 days was also found

to be curative in 3 monkeys after intravenous administration -(Table-

6)-. Although initial reports from Walter Reed indicated escalation

of radical curative lrimaquine dose and chlorocuine curative dose

over the years at AFRIMS, the dose standardization carried out

at CDRI has been much more consistent in successive cyclic passages

during the last 9 years and no escalation of oiacuin!ch.orocu...

curative doses has been observed at CDRI (Table-i).

C. RHESUS PROPHYLACTIC TEST (Three day schedule):

The methodology for initiating sporozoite induced 4nec:icns

with P.cvnomoo: B in rhesus monkey has been descrlbed later

and the same has been anpiied in the prcpi- .actic test. A three

day treatment model has been standardized for evaluation of zotentla1

causal oro~nhvLact-c comzounds. In this model, the drug treatment

is administered on dav -1, 0 and +1 and s-orozoite n:. ec:ion is

inoculated on day 0. The blood smears are examined :rom-, da.

7 onwards till day 70 for observing the patency in experlmenta l

animals. -h:s model has advantage over conventional 9 day treatment

model deveioed by Schmidt, since the treatment scheaule is for

snorter cdration.

(a) Drus Administration:

The test durg is administered for three doses (on day

-1, day 0, day +I of sporozoite inoculation) orally in 10 m. volume.

The drug/test compound is suspended in 0.3% methyl cellulose soluti-

on.

(b) Determination of primaouine proohvlactic dose:

For determining the prophylactic dose of primacuine, exper-

imental monkeys were treated at 0.316 mg/kg, 1.00 mg/kg, 1.78
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mg/kg, 3.16 mkgand 10.00 mg/kg x 3 day, dose levels. Our

results showed that monkeys treated at 0.316 mg/;kg, and 1.00

mg/kg became patent while higher doses of 1.78 mg,"kg and above

were curative (Table-.2). The curative dose of 1.78 mg,/kg, has

been revalidated several times during the 44 successive cyclic

passages of P.cv.nomolgi B and this dose is being used as the

standard reference dose in our study (Table-3). This test system

was not onerational at WRAIR/AFRIMS and has been standarciizec.

at" CDR!.

In the 9 day sch edul~e prophylactic test, w',ere primaquine

was acdm~nisterea; on day -1, 0 and +1 td +7, 6cse of 1.0 mg/kg,

base was curat-.-ve in 55/6 monkeys. Treatment it higher dose

a-, 2.0 m/gprotected 4/4 monkr1ey.

D. PROTOCOL FOR CYCLIC PASSAGE OF P.CYNOMOLGI B;

.P. cvnr!0m012 B in mckyattains pr--mar-v ::eaZ zara-s:-aeml-a

of 4,00,000 - 8,00, 000/mmm 3 in 7-8 day.,s af:tor catonc-.. The paras-

te numo-er then declines wi.thout any trroa-m-r.: antesecordar-,

peak zaras,,taemnia of 30,000-0 .000/mm is *:?:d4~days tater.

Inritia, stIu-dI'e s at A 1FR !IS have shown t -t ma:mm :n i: e c t

or; moscouitoes is observed whe-n the,,. are~ -7_4 or. In-ec-ea cdtv

diurtoc the se--on-dzrv, peak carasi-aem ia. ~.rcea rat-co 0'

for female to marle gamnetcc,:-es has been cunu tc *-e ideal for

obtainin,'-g maximum infectivit-;. In order to e-nsuire in~ect ---I

of: moscuitoes, the above p rciei olwo

(a) Insectarv:

In order to develop technology for large-scale sporozoite

production for rhesus" monkey inoculation, a large scale rearing

of Anotheles steohensi (NICD Strain) for transmission studies had

been set up. The insectary maintains the availability of all the

four larval instars at all times and has an average produc-.on



of 3000-6000 pupae daily . Rhesus monkey has been fo-und -o

be ideal for giving blood meal to mosquitoes for egg laying.

The larval stages are fed on powdered yeast and maintained

at 25±100. The pupation starts after 8-10 days and adults emerge

36 to 48 hr. later. The adults are maintainedi at 26 =11C w4.

relative humidity 75 to 80%, and fed on 5% multivitamin solution.

(b) Infection of moscuitoes:

Two or three days old female moscuitoes ( A no n-ele

stenrensi- are fed on infected -rhe-sus mok'sshowi.

gaametoc'.te number/ratio. The mcnkovIe, is anaest-r-etize, w'4

ii-aval (20mDg/kg i/v) and moscuitoes are allowed_- to '-a.-=

re al. for 20-SO minutes. T'hree batches of: 7oscui,:ceca.-

on each mnke on, three consecu.tP-.e da-.s. he fed

are fe:in Isectar. whereas toe- -ales and -un : e de r7z

eaco Ca'e are d~scarded.

C n da,,, a-::ter blood meal. ncz -ocit_-o e s

o: te :necte,_ batch are dissected for deter m:....

of occ-.st on the guti. The mean nubrana ( s:

ts is ecrewhico- general>v ranzes be-t.een

(c) EStfmra-l:n, of soorozoite number or nefc oc~>

Cn d-a,.- I1 after blood mneal (or one dia- zr-.or

ion o: mon'r-e': s) th-e szorozoite numoer is estima-ed_ in - -

itoes from the batch wh ich has earl ier been :noto s-- ;-; 0

ocv.st numnoer on dav 7. The infected moscuitces tott

batch are anaesthetized and legs, wings, head and abcm,en are

removed. The thoraces are grinded_ with a mixture o: .. :fl

saline and 0. 5 ml rhesus normal serum (Total I ml.. With the

help of a graduated capillary (or an e-ppendor.f pipette, 5 ~

of the snorozoite suspension is applied and s-prea6 wi-h:n the



etched circle of a FA slide. The slide is allowed to air cr-,,

fixed in methanol (5 minutes) and stained with Giemnsa stain for

40 minutes. The number of sporozoite/ 100 oil immersion fields

is counted in two slides and the mean vlaue multiplied by the

magnification factor of the microscope gives the sporozoite number

per ml. of solution or the sporozoite number! 10 infected mosquitoes.

(The magnification factor for our microscope as determined by

using a slide/stage micrometer is 10974). From this estimation,

the number o: mosquitoes required to obtain I million scorozo-iteS/

monkey can he determines!.

(d) Har-l-estinZ or soorozoite for inoculation:

On dav 14, szorozoites are har-.-ested fromth inrectec_

m o s cute : inoculation into rhesus mon'f:-e-,s. Recuirec_ numcer--

of mosquitoes (determined on the basis of; estim-at_,c. mace on

da,,, 13) are anaesthetized by keecing them for 2-3 minutes

a referigeratcr and their legs and xvitgs are~ removed. For all

further processes the moscuitoes ar2 kect ov.er ice to atx.

the irtfectiv.-tv- of sporozoites. The h-?ad an a'bdiomen of......

itoes are remo%-ed_ with- a scaicel and thoraces are cutl :n a ce

pestle -mortar for grinding. The gnb:gis carriec_ out in cc (c

using 1 :xtr of normal saiine anci normal rhesus seru-m. After

gyr~ndin-. t"e susnenst.on is centr4-ucec at 1000 rnm far 17- seconcs

at 4'C. The sediment is discarded and' the sucernatant is di-luted

with serum/saline mixture to get the required inoculum. (Nearly,,.

50% of the sz~orozoites are lost with the debries after centrif-Ugation).

The whole process after anaesthetization of mosauitoes to the

inoculation of monkeys should be completed within 45-60 minutes.

Each monkey is inoculated via i/v route with I ml. of the inoculum,

and the exact number of sporozoites inoculated per monkey is

determined from the sample inoculum.



(e) Serial cyclic passage of soorozoite induced infec-ion in rhesus

monkey :

The recording of parasitaemia in first to fif:h zassage

was made using thin blood filns for recording patency. Af:er 5th

passage the parasites were kept frozen for nearly 4 months. The

gametocytes of the monkey infected with frozen blood were used

for infection and for initia..n of the 6th passage. In "

passages, the pa-ency was recorded from thick sme-rS --

method of snorozoite count was also introduced at this s-agef:>: . -

ng the training of Dr. c.K.P"r at AFRIMS. To .

of P c'..... ,i B has beer cvclicallv transmitted thr..... __..... _

for 65 oamzes
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DEVELOPMENT OF NEW CAUSAL PROPHYLACTIC ANTIMALARIALS:

The present Walter Reed - ODRI Contract proposed

to de':leop new causal prophylactic agents. Primacuine which

is the only prophylactic drug effective against both falciparum

and vivax malaria produces several adverse side effects inclu-

ding methemoglobinemia, hemolytic anemia in G-6-PD deficient

cases, gastrointestinal disorders and is contraindicated for

use in infants and pregnant women. In order to protect healthy

Ppulation in endemic areas a-ain~t malaria it is important

to develop safe and effective new causal pro phn.rlac ,c drugs.

The de,.elacmenr, of prooh?,laxs azainst mnaiarla Is Decoming

all the -ore imcortart in view )f r2~rr:2 oci ofI chioroouine

and -nultple drug-res~stant sru ::czrnM aar_-a.

A REVALIDATION OF PRIMAOL'INE - RPYATCDOSE:

(a) The test model (3-day scheduie) :-r :-ausai proonviaxis using

P.c.vncrmoizi B in rhesus mronkey:-- oct-rntional at this inst:_:ute

and details of infect,_on of A.s-t,::~ :h .cnm B. harv-

esting and quantitation of spor-)z(-.tes for mnonkey inoculation

have been described earlier.

(b) Prev:.ous studies wit" referenc "-; crlmacuine for ci.ralt:ve

dose determination in 3 day r 7 m2~ schedule ha-;e sr'awn

that efficacy tests at dose level'- r-anging between 0.3116 mzg

and 10.00 mglkg have cons isten: 1 -- produced curative act,-on

at 1.78mrg/ka and higher doses ( l'aoie-1 L This dose has been

revalidated several times against sporozoites obtained fro m

diferent cyclic passages (Table-2).
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(c) The primaquine prophylactic dose was again revalidated in Sr.

Passage No. 65 during present assignment. Three monkeys each

were treated with dose of 1.00mg base/kg, 1.78mg/kg and 3.16

mg/kg for 3 doses on days -1, 0, and +1 of sporozoite inoculation

(Table-3). Two of the 3 monkeys treated with 1.00mg/kg became

patent on day 36 while the third monkey did not develop patency.

Like-wise all the 3 monkeys at 1.78mg/kg as well as at 3.16mg/kg

also did not develop patent infection during the observation

period of 70 days and were recorded as cured. The untreated

control mokey became patent on day 8. The results this show

that there has been no escalation of the primacuine ornohvlactic

dose during the last 8 years. When the paraiste was maintained

by serial cyclic passage.

SCREENING OF NEW SYNTHETIC COMPOUNDS

Six new synthetic compounds belonging to t :e -amnocuino-

line class have been evaluated for prophylactic activity against

P.cvnomolgi B using 3 day regimen schedule (dr-z was adminis-

tered on dav -1, 0, +1).

1. WR 268658:

The compound was tested in two monke'vs each at four

dose levels viz. 0.0316mg/kg, 0.10mg/kg, 0.316m_ika and 1.00mg/kg

(Table 4). Both the monkeys at 0.0316mg/kg became patent on

day 8, two monkeys at 0.1mg/kg were patent on day 10, 11

while two monkeys at 0.316mg/kg were patent on day 14 and

23. Two monkeys at 1.00mg/kg did not develop any patent infec-

tion during the observation period (Primaquine index =1.78).

2. WR 268448:

The compound was tested at O.1mg/kg, 0.316mg/kg and
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1.00mg/kg dose levels (Table-5). Both monkeys at 0.10mg/kg

became patent on day 10, while two monkeys at 0.316mg/kg

developed patency on day 13 and 23. Dose of 1.00mg/kg was

curative in two monkeys. (Primaquine index =1.78).

3. WR 268441:

The compound was evaluated in two monkeys each at 0.10,

0.316 and 1.00mg/kg dose levels (Table 6). Two monkeys at

0.10mg/kg were patent on day 12 and 17 and one monkey out

of two animals treated at 0.316mg/kg developed patencv on day

29. The other monkey at 0.316mg/kg as well as both the monkeys

at higher dose of 1.00mg/kg were cured. (Primacuine index

=1.78).

4. WR 268648:

The compound was tested at 0.10mg/kg, 0.3lbmg/kg and

1.00mg/kg in two monkeys each (Table-7). Doses of 0.1mg/kg

(patenc-: day 12, 14) and c.31tmgikg (patency dav 21, 26)

were inactive while both the,..nkevs at 1.00mg/kg were cured.

(Primacuine index =1.78).

5. WR 268404:

The comnound was evaluated at three dose levels in six

monkevs (Table 8). Two rnnk,.vs at lowest dose of 0. img/kg

became patent on day 12 and 1-. The higher doses of 0.31mg/kg

and 1.00mg/kg were curative (Primacuine index =5.63).

6. WR 268499:

The compound was tested at 0.10mg/kg, 0.316mg/kg and

1.00mg/kg doses in two monkeys each (Table-9). Dose of 0.10mg/

kg was inactive as monkeys became patent on days 15 and 22.

While 0.316mg/kg dose was partially curative as one monkey

was protected and the other became patent on day 26. The
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higher dose of 1.00mg/kg was curative in both the monkeys (Pri-

maquine index =1.78).

CYCLIC PASSAGE OF PLASMODIUM CYNOMOLGI B:

The strain of P.cvnomolgi B is being maintained at CDRI

viz serial monkey-mosquito-monkey passage since 1982 and to

date the parasite has undergone 72 serial cyclic passages. During

the period of present report the parasite was maintained through-

serial passages 63-72 (Table-10). in 12 rhesus monkeys. The

patency was recorded on day 8 in 9 out of 12 monkeys and on

day 9 in another 2 monkeys. One monkey which was inoculated

with lower sporozoite inoculum (1.48xI05 szorozoi-es) in serial

passage 64 developed patency! on day 10. The mean duration for

each passage during the present study was 44.89-Sg.16 days (range

36-59 days).
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DIFFERENTIAL SENSITIVITY OF THE PRE-ERYTHROCYTIC STAGES

OF PLASMODIUM CYNOMOLGI B TO THE PROPHYLACTIC ACTION

OF PRIMAQUINE

The present study was designed to assess the sensitivity

of pre-erythrocytic stages to primaquine when administered in

different dose schedules to rhesus monkeys infected with P.cvno-

molgi sporozoites.

The sensitivity and protective potential of primaouine has

been based on the assessment of protection accorded by single

dose, two doses and three doses of primaquine (base) administered

in each instance on different days of incubation period (Tabiell)

Primaquine at I 76mg/kg in 3 dose schedule (=5.34 mg/kg total

course dose) afforded protection in 4/4 monkeys treated on day:

-1, 0, +1 and in 2/2 monkeys treated on day +1, +2, +3. None

of the monkeys treated on days +3, +4, +5 (0/2 monkeys) or

on days +,. +6, --7 (0/2 monkeys) post sporozoite inoculation

were protected. Similar results were obtained using primacuine

at 2.67mg/kg in 2 dose schedule (=5.34mg/kg total course dose)

where 2/2 monkeys were protected when treated on day = and

+1. No protection was obained after treatment on day.' +3 and

+4 (0/2 monkeys) or on days +6 and +7 (0/2 monkeys).

Single dose primaquine administration at 5.34mg/kg was

curative in 2/2 monkeys treated on day 0, 2/2 monkeys treated

on day +1 and in I out of 2 monkeys treated on day +2. Single

dose treatment on day +3 protected I out of 8 monkeys and prod-

uced significant delay in onset of patency in another monkey.

Single dose treatment was not protective in 2 monkeys each treated

either on day -1 or on day +6.
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Further, studies with single dose primaquine showed that

treatent at 2.67mg/kg (= half the total curative course dose)

afforded protection in 1 out of 2 monkeys given drug on day

0, while none of the 2 monkeys treated on day I and none of

3 monkeys treated on day +3 was protected.

Primaquine administration at 10.68mg/kg (= twice the total

curative course dose) protected 3/3 monkeys treated on day +3

and I of the 2 monkeys treated on day +6, while the other unpro-

tected monkey showed significantly delayed patency.

These results support the suitability of 3-day regimen

model (-1, 0, +1 day) for development of new causal prophylactic

agents.

4'
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E. NEW ANTIMALARIAL TEST-SYSTEMS:

The following additional antimalarial screen has been stand-

ardized at CDRI.

(a) Rhesus Gametocytocida /Sporontocidal Test:

No standardized technique for determining gametocytocidal

activity / sporontocidal action of new compound against vivax

type of simian malaria namely P.cvnomolgi B has been developed

so far. Primaquine is the only standard gametocytocidal drug

available and there is urgent need to screen the primaquine

analogues which have shown high anti-relapse activities and

establish their garetoc-vtocidal activity. Under the continuing

progra,.me of CDRI-WRAIR collaborative project, it is poroposed

to initiate studies on the development of this test using P.cvno-

moli - A.steohensi model. The capability *of producing infectivity

in the mosquitoes. recording of gametocvtaemia, oocvst count,

etc. are routinely carried out under the existing project. The

experience and e>.2,:ertise available at WRAIR and CDRI will

be used to develon new gametocytocidal agents.

Gametocytocidal test:

Primacuine was used as a standard reference drug to estab-

lish the model ofr gametocvtocidal activity. Rhesus monkeys

infected with P.c,,nomoli and carrying gametocytes as shown

by Giemsa stained blood film were first used for control (pre-

treatment) feeding at -1 hr. before primaquine treatment. This

group comprising of seven monkeys was then treated with single

oral dose of primaquine diphosphate (3.16mg/kg primaquine

base). New healthy batches of mosquitoes were again allowed

to feed on the primaquine treated monkeys at 24 and 48 hr.
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after treatment. The data on oocyst count in control feeding and

after drug feeding were statistically analysed (Table 12).

Sporontocidal test:

In the test system developed for sporontocidal screening

the reference drug primaquine was not fed directly to the infected

vector but the drug was given orally to healthy rhesus monkey

and 5 hrs. after drug administration 3-B days old infected A.steph-

ensi were fed on this drug treated monkey. The dose of primaquine

administered in this test was 10mg/ base/kg (single dose) bv

oral route. The oocyst count on the gut of individual moscuitoes

was recorded on day 8 post-infection (Table 1S).
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BLOOD SCHIZONTOGIDAL TEST:

a) GHLOROQUJINE DOSE:

SP.yomlgi infection:

Tests using trophozoite induced infection of P.c-,nomolgi

B in rhesus monkeys have shown that chioroquine at 3.00mg/kg

dose x7 days continues to exert complete blood scnizontocidal

activity as no recrudescence was observed in the trea-ec- -monkeys.

ii) P.fragile infection:

Another test model using P.fraaile infection 4-11 rhesus

monkey has been standardized for evaluating blood schizontocidal

activity of new., compounds. In this model, chlorocvli--ne at a

dose of 7.5mg,/ k--.: 3doses has been determined as the curative

dose.

b) EVALUATION OF WR 238605 FOR BLOOD SCHIZONTOCIDAL ACTIVITY:

Conmooun'.. 238,,05 had been selected under the previous

WR:\IR-CDRI ccl','ahorative proiect as the candidate antimralarial

to undergo Pha-e I clinical trials for develooment as an alterna-

tive tissue sc-.-ontocidal drugy. In the present prograrnme, this

comninc was -.'-iluatori for its bloodi schizontocia activity

ag-ainst P.cvnm7-ici 1B and P.fraizile which are considered as

the biological cr-iterparts to human parasites P.vivax and P.

falcioarum respectively.

i) Activity against P.cynomolgi B:

The activity was tested at 0.316mg/kg, 1.00mg/kg and

3.16mg/kg doses. Results showed that three monkeys at 0.316mg/kg

dose recrudesced on days 7, 18 and 23 while four monkeys

at 1.00mg/kg and three monkeys at 3.16mg/kg were cured. The
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monkeys which became patent at lower dose of 0.316mg/kg were

treated at higher dose with WR 238605 and were cured (Table

14 ).

In the 2nd experiment 4 monkeys were treated at 1.00mg/kg

dose. One monkey recrudesced on day 26 while remaining three

were cured (Table 15).

ii) Activity against P.fragile:

Efficacy tests showed that in the Ist experiment two

monkey.-s treated at 0.316mg/kg recrudesced on days 16 and 19.

Three monkeys at 1.00mg/kg and three monkeys at 3.16mg/kg

were cured after 7 day treatment. Two monkeys which failed

at 0.316mg/kg dose were treated again at higher dose of 1.00mg/kg

and both were cured (Table 16).

In the 2nd experiment two monkeys at 0.316mg/kg dose

recrudesced on days 24 and 28. Three out of 4 monkeys at

1.00 were cured while fourth monkey was positive on day 36.

This monkey when treated at 3.16mg/kg dose was protected

(Table-17).



MAJOR CONCLUSIONS

1. Antimalarial test screens for the evaluation of potential compounds

for anti-relapse activity, causal prophylactic activity and blood

schizontocidal activity have been maintained in the operational

state at CDRI.

2. The P.cvnomolgi B strain has been maintained for 72 successive

cyclic passages, since Nov. 1982. The parasite passed through

serial passages 63-72 during the tenure of present assignment and

the mean duration for each passage was 44.89±8.16 days.

Fhe causal pronhvlactic dose of primaquine has been revalidated

and the 1.78mg/kgx3dav dose has been found curative. There has

been no escalation of the primaquine prophylactic dose during

the last 8 vears.

4. Six new compounds have been evaluated for causal prophylactic

activity. One compound WR 268404 has shown primaquine index

of 5.63 while the other 5 compounds had P.I.=1.78. Whether any

of these compounds can be followed for pre-clinical development,

will be decided after methemoglobin toxicity data on these compo-

unds is obtained.

;. 1'est models for evaluation of potential compounds for gametocytoci-

dal and sporontocidal actvity using P.cynomolgi B infection has

been standardized. It is proposed to evaluate compound WR 238605

(undergoing Phase I clinical trials at WRAIR) for gametocytocidal

and sporontocidal activities.

6. Compound WR 238605 has shown significant blood schizontocidal

activity against two simian malaria parasites. This data will add

to the antimalarial spectrum of this compound which is being

developed as a potential tissue schizontocidal agent.
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Causal prophylactic activity of primaquine in 3 day treatment

schedule against sporozoite induced infections of P. cynomolgi

in rhesus monkey.

Daily dose No. of monkeys Days de-lay.-in onset Percent
mg/kg base protected /treated of- patency cure
(x3dav)

0.316 0/6 0,2,3,5,6,7 Nil

0.62 0/5 5,6,6,6,7 Nil

1.00 9/16 7,7,9, 10, 11,16,24 56.3%,

1.30 2/2 Cured 1000b

1.78 26/26 Cured 100%

3.16 11/11 Cu re6 10011

10.00 4/4 C Ur e,- 1000%



Tab le-2
GDRI PRIMATE ANTIMALARIAL STUDY

PLASMODIUM CYNOMOLGI B RHESUS MONKEY

COMP: WR2975 SPOROZOITE INDUCED TEST

BN: Sigma product

DATE REC'D: Oct. 1982 y0h3k

QUANTITY: 50 gin. -C)' 3

3 -
VEHICLE: Methyl cellulose Mol. W. 5

ROUTE: Oral Base= 259

PROPHYLACTIC TEST (x3day)

DOSE SERIAL MONKEY RESUL T
mglkg(base) SPOROZOITE NO.

PASSAGE NO

1.78 XV 2798 Cured

1.73 X V 2790 C Ur ed

1.73 XVI 2815 Cu red_

1.73 8XXI 3220Crd

1.73 XXII 3 334! Cu re--

1.78 XXIII 336 3 Cu redc

1.73 XXIII 3 3 64 C u red

1.73 XXIV 3475 C Ur ed_

1.73 XXIV 3476 Cu red

1.73 XXV 37-2 C az-ed

1.73 XXIVIIII 3633 C u red

1.73 XXVIII 3753 C ur ed_

1.78 XXIX 3813 Cured

1.78 XXXI 3993 C u red

1.78 XXXI 3997 *. Cured

1.78 XXXIV 4353 Cured

1.78 Xxxx 4675 Cured
1.78 XXXX 4678 Cvred

*1.78 xxxXI 4730 Cured
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CORI PRIMATrE ANTIMALARIAL STUDY
PLASMODIUM GYtIOMOLGI B RHESUS MCNKEY

SPOROZOITE INDUCED TEST
COMPD: Primaqt.~ine

BN: Sigma Product

DATE REC'D: OctL. 1988 N

QUANTITY: 50 gmn N11- C if 46c, ~u

VEHICLE: Methyl cellulose C11 3  t.I 455

ROUTE: oral BaSe-= 259

F'ROPHYLACTIC TEST (x3dav) (Sp. passage no. 65)

DOSE MONL;KEY -'T-

m g k g"Ita se) No.

1 .00 6228 Cured

1 .00 6229 Patcncy on~ day 36

1 .00 6230 Patecy on day, 36

1 .73 6235 Cured

1.70 6230 Cured

1 .T8 6-24 2 Cured

3.16 6227 Cured

3.16 6232 Cured

3.16 6233 Cured

Vehicle control 6241 Patency on day 8



Table-4

CDRI PRIMATE ANTIMALARIAL STUDY
PLASMODIUM CYNOMOLGI B RHESUS MONKEY

SPOROZOITE INDUCED TT
COIMPO: WR 268658ock K/

BN: BM 03705

DATE REC'D: June, 1990 1 3(-

QUANTITY: 500 mg N

VEHICLE: flethyl cellulose N4-C-(h)-rhJ Moi. (ht.= 565
.3

ROUTE: Oral Base-449

F R OPH.CTIC TEST (x3day) (Sp. passage no.

DOSE MONKEY -- : -
mg/kg(base) NO.

0.0316 6387 Patent day 8

0.0316 6390 Patent day 0

0.1 6 82 Patent day 11

0.1 6388 Patent dc; 10

0.316 6384 Patent da! 23

0.316 6386 Patent da:' il

Vehicle control: 6385 Patent d'.%



Table-4 (Contd.)

CDRI PRIMATE ANTL.MALARIAL STUDY
PLASMODIUM CYNOMOLGI B RHESUS MONKEY

SPOROZOITE INDUCED TEST
COMPD: WR 268658

(lInd experiment)
BM 0705

DATE REC'D: June, 1990 cl?

QUANTITY: 500 mg .4

VEHICLE: Methyl cellulose 4 -( ; Mol. Wt.= 565

ROUTE: Oral Base-. 44

PROPHYLACTIC TEST (x3day) (sp. passage No. 68)

DOSE MO0N KEY RESUT

mglkg(lbase)l NO.

1.00 Aa 0~ .

1.00 A0;A0

Vehicle control 6398 Patent dav 8
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CDRI PRIMATE ANTIMALARIAL STUDY
PLASMODIUM GYNOMOLGI B RHESUS MONKEY

SPOROZOITE INDUCED TEST
COMPD; WR 268448

BN: BM 01194

DATE REC'D: Oct. 1989 H

QUANTITY: 1500 mg

VEHICLE: Methyl cellulose MCI. Wt.= 590

ROUTE: OralC11 1 -"Bae49

PROPHYLACTIC TEST (x3dav) (So. passage no. 68)

DOSE MO0N KEY' R TS UL T
rg.,kg(base) No.

0.10 6402 Patent day 10

0.10 6407 Patent day 10

0.316 6400 Patent day 13

0.316 6404 Patent day 23

1.0o - 401 Cured

1.00 6403 Cured

Vehicle control 6308 Patent day 8



Table-'
CDRI PRIMATE ANTIMALARIAL STUDY

PLASMODIUM CYNOMOLGI B RHESUS MONKEY
SPOROZOITE INDUCED TEST

COMPD: WR 268441

BN: BM 01103 C i

DATE REC'D: June, 1990
"t& -

QUANTITY: 1500 mg 
M W . 3

VEHICLE: Methyl cellulose Nci Wt. - 4-cC'l

ROUTE: oral c~ f ase= 401

PROPHYL77AC::1C TEST (x3day) (sn. passage 68)

DOSE MO0N KEY RESL T

rrg!kg(base) No.

0.10 6437 Patent dav 17

0.1 o 6438 Patent cav 12

0.31n 6435 Cured

0. 3 1 6436 Patent day 29

1.0 6429 C jred

1.0f 6430 Cured

Vehijcle controa: 6440 Patent day 9



Table-7

CDRI PRIMATE ANTIMALARIAL STUDY
PLASMODIUM CYNOMOLGI B RHESUS MONKEY

SPOROZOITE INDUCED TEST
COMPD: WR 268648

BN: BM 03590

DATE REC'D: June, 1990 [

QUANTITY: 500 mg 13CL

VEHICLE: Methyl cellulose 4N Oi1 3  Moi. Wt.= 579

ROUTE: Oral I(- Bae = 463

PROPHYLACTIC TEST (x2day) (Sp. passage no.68)

DOSE MONKEY RESULT
mg/kg(base) NO.

0.10 6459 Patent dav 12

0.10 6473 Patent day 14

0.316 6458 Patent day 21

0.316 6472 Patent day 26

1.00 6467 Cured

1.00 6470 Cured

Vehicle control 6464 Patent day 8

&t



CDRI PRIMATE ANTIMAALARIAL STUDY
PLASMODIUM CYNOMOLGI B RHESUS MONKEY

SPOROZOITE INDUCED TEST
COMPD: WR 268404

BN: BM 00722

DATE REC'D: June, 1990

QUANTITY: 1500 mg l1sco

VEHICLE: Methyl cellulose _ MCi. Wt.= 511

ROUTE: Oral tJ- -M--  Base- 395

PROP -.....-:.C TEST (x3dav) (So. Passage No. 68)

DOSE MONKEY RESULT
mg!kg(base) NO.

0.10 6456 Patent day 12

0.10 6457 Patent dav 15

0.316 6471 Cured

0.316 6474 Cured

1.0 642 Cured

1.0 6463 Cured

Vehicle control 644 Patent dav." 8

ib



CDRI PRIMATE ANTIMALARIAL STUDY
PLASMODIUM CYNOMOLGI B RHESUS MONKEY

SPOROZOITE INDUCED TEST
COMPD: WR 268499

BN: BM 01667

DATE REC'D: June, 1990

QUANTITY: 1500 mg

VEHICLE: Methyl cellulose Moi. Wt. = 557

ROUTE: Oral Base- 441

PROPHYLACTIC TEST (x3day) (Sp. passage no. 69)

DOSE MONKEY REUL
mglkg(base) NO.

0.10 6585 Patent day 22

0.10 6587 Patent day 15

0.316 6581 Cured

0.316 6534 Patent day 26

1.00 65 82 Cured

1.00 6536 Cured

Vehicle control 6580 Patent day 8



Table-! '

Table: Serial cyclic passage of sporozoite induced P.cvnomolgi
B in rhesus monkeys since February, 1990.

Sporozoi.te Date of Monkey Sporozoite Day of
Passage inoculation No. inoculum patency
No. (i.v.)

63 25.1.90 6118 1.06x1O 6  a

5
64 9.3.90 6177 1.48xI0 10

65 17.4.90 6241 1.18xIO 6  8

66 28.5.90 6302 1.21x1O 6  8

67 3.7.90 6385 0.98x10 6  8

6
68 1.8.90 6398 0.75x106  8

20.8.90 6440 0.66xIO 9
31.8.90 6464 0.82xl0r 8

6
69 24.10.90 6580 1.06x10 8

70 6.12.90 6523 1.14x1O 6  8

71 10.1.91 6586 0.91x1O 6  8

72 5.3.91 6775 1.30x1O 6 8



Table 11: Causal prophylactic activity of slngla and m' - > c::-
regimens of primaquine against P.c',nomo1:i z nesus
monkeys

Daily dose x days Tre atment Total course Cure rate Patency
dose mg/k-g (r tecte,2)mg/kg) Day n da

(treated c a

SINGLE DOSE

2.67 x 1 0 2.67 1/2 20

2.67 x 1 1 2.67 0/2 is,15

2.67 x 1 3 2.67 0/2 14,!5,2-
5.34 x 1- c/2 iI
5.34 x 1 0 5.34 2/2

5.34 >: 1 1 5.34 2/2

5.34 x 1 5.34 1,/ 20

5.34 x 1 3 5.34 1 - ,

5.34 x 1 6 5.34 2/Z -4,2:

0. 63 x 1 0IC.63 3/

iS6, x 2. 6 l0.o63 ,

Doses

2.67 x 2 0,1 5.34 2/2

2.67 x 2 3,4 5.34 -/1 2Z, 37

2.67 < 2 6,7 5.34 C/2 16, 3

1.78 x 3 -1,0,0 5.34 4,/4

1.78 x 3 1,2,3 5.34 2/2

1.78 x 3 3,4,5 5.34 0,2 24, 29

1.78 x 3 5,6,7 5.34 2/2 -6,39

* DOy 0 = Day of sgOrozoite inoculation
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CDRI PRIMATE ANTIMALARIAL STUDY

PLASMODIUM CYNOMOLGI - RHESUS MONKEY

COMPD: WR 238605 (Expt. I)

BN : BK 73252 0*

DATE REC'D: Feb. 1986

QUANTITY: 3gm

VEMICLE: Methyl cellulose Mol. Wt. 581

ROUTE Oral Base= 463

DOSE MONKEY RESULT

mg/kg(base) NO.

BLOOD SCHIZONTOCIDAL TEST

0.316 6547 Recrudescec dpv 1

0.316 6548 Recrudescence dav 18

0.316 6554 Recrudescence day 7

1.00 6551 Cured

1.00 6553 Cured

1.00 655 Cured

1.00 6548' Cured

3.16 6549 Cured

3.16 6550 Cured

3.16 6555 Cured

3.16 6547* Cured

3.16 6554* Cured

*Monkeys treated at higher dose after recrudescence.



Table-iS

CDRI PRIMATE ANTIMALARIAL STUDY

PLASMODIUM CYNOMOLGI - RHESUS MONKEY

COMP D: WR 238605 (lInd Expt.)

BN: BK 73252 D 3

DATE REC'D: Feb. 1986

QUANTITY: 3gm ~

VEH~ICLE: Methyl cellulose Mc. 581

ROUTE Oral Nit- ~ Base=4 6 3

DOSE M ON-.EY RZ £S7'T
mg/kg('base) NO.

BLODOD SCHIZONTOCIDAL TEST

1.00 6640 Cured

1.00 6641 Cured

1.00 6642 Recrudescence dh a

1.00 6643 Cured

3.16 6642* Cured

*Nfonkey treated at higher dose after recrudescence.



Tab le-16

CDRI PRIMATE ANTfl2{ALARIAL STUDY

PLASMG DIUM FRAGILE -RHESUS MONKEY

COMPD: WR 238605 (Expt.1)

BN: BK 73252

DATE REC'D: Feb. 1986

QUANTITY: 3gm

VEHICLE: Methyl cellulose IMC.. Wt.= 51

ROUTE Oral Base= 463

DO0SEN CN'KEzI R ESUT

mglkg(b-ase) No.

BLOOD SCHIZONTOCIDAL TEST

0.31 ,C_,:.,aescence cia-.- 19

.316 6564r)4 Recrudescence dav 16

1.00u Creci

1 .00 65 60 CL.red

1.00 65 ~Cured

1.00 6564* Cured

3.1o 6561 Cured

3.16 65,62 Cured

3.16 6565 Cured



CDRI PRIATE ANT1,1ALARIAL STUDY

PLASMODIUM FRAGILE - RHESUS MONKEY

i, COM.PD: WR 238605 Expt. 2) -"- /
2) \

BN: BK 73252 1
DATE REC'D: Feb. 1986 3yC - -

QUANTITY: 3gm

VEHICLE: Methyl cellulose

ROUTE Oral Base = 463

BLOOD SCHIZONTOCIDAE TEST

DOSE MONEZY RESULT

mg/kg(base) NO.

0.316 6646 Recrudescence da- 2

0.316 6657 Recrudescence dav

1.00 6644 Recrudescence day:

1.00 6645 Cured

1.00 6647 Cured

1.00 6657 Cured

1.00 6646 Cured

1.00 66571 Cured

3.16 6644* Cured

*Monkey treated at higher dose after recrudescence


